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SECURITY
MARKING

The classified or limited status of this repoit applies

to each page, unless otherwise marked.

Separate page printoutsMUST be marked accordingly.

STHIS DOCUMENT CONTAINS INFORMATION AFFECTING THE NATIONAL DEFENSE OF
THE UNITED STATES WITHIN THE MEANING OF THE ESPIONAGE LAWS, TITLE 18,
U.S.C., SECTIONS 793 AND 794. THE TRANSMISSION OR THE REVELATION OF
ITS CONTENTS IN ANY MANNER TO AN UNAUTHORIZED PERSON IS PROHIBITED BY
LAW.

NOTICE: When government or other drawings, specifications or other
data are used for any purpose other than in connection with a defi-

:..nitely related government procurement operation, the U. S. Government.
?• thereby incurs no responsibility, nor any obligation whatsoever; and

the fact that the Government may have formulated, furnished, or in any
way supplied the said drawings, specifications, or other data is not
to be regarded by implication or otherwise as in any manner licensing
the holder or any other person or corporation, or conveying any rights
or permission to manufacture, use or sell any patented invention that
may in any way be related thereto.
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BALLISTIC RECEAI'rC11 LABORATORIES

MECZICAL NIOQT 1!0. 1~423

iH'Gay/SSLentz/V7,Verner/rc
Aberdeen Proving Ground, Md.
October 1,061

All n=32f4 RZ'OIT 0N =. S'=IY OF PARAJY=S THAT
AFFL'CT TIK; ACCURACY OF AtJ'OIIATIC RIULES (U)

A(UJI'CLASSlr= ABSTRlACT

This 4&at report is a brief' su~xw-y elf the work being done, by the

Applied Mechanics Branch, IBL, f'or the All-Aui~jse Hand-H :id Weapon (APFMW).

It gives some ideas of' t.-.e present trends of' thoueght and some indications

of-vays to improve the accuracy of' automatic fire. Details off the studies

and the final conclusions which might be reached will be given in subsequen~t

reports.
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(UNCLZSI~t) IIVRODUCTION

To increase the effectiveness of the APH]PJ, it has been proposed to fi:.e

a group of three rounds having a standard deviation of dispersion of two or

three mils. (1*Fbcperience has shown that automatic rifles have larger

dispersion, so the Ordnance Weapons Conmmand requested DFlL to study the various

factors that influence the accuracy of the man-rifle system.. It is hoped

that the results of this stud~j will provide a guide, and-possibly some basic

data, for designing the AP12IIW.

*Superscripts in parenthesis indicate references.

W.5



(U1CLASS• D) A 1EODEL OF TM MAU-W-AOfl SYS=,I

To determine the importance of the physical parameters that affect

accuracy, it was de-_'ded to represent a mnn-weapon system by a physical

model. Since the man ond the weapon form a complex physical system an empi-

rical approach was used and the system was described by one -zombined single

model. An inertial model without constraints was considered first. It was

found that this model could not be used bece.use the actual displacement of

the third shot on the target was less than that predicted by the model. A

restraining torque was then added to provide a better model.

The present model is described below:

F(t)

d. L

#... v ,'' ..

I = the moment of inertia about A of the msn-weapon system.

0 = the angular displacement.

F(t) = the force prodtuced by firing.

d= the distance from the axis of the bore to the fixed pivot A.

Lr' a constant restraining torTuae.

The model consists of some unknown portion of the man which is rigidly con- a

nected to the .rifle and rotates about some fixed point A. The moment of

inertia about A of the ccmbined mas* is I. '1hc upwaru angular mozion Q of

the system is producud by thu torque 1'(L)d, which is opposed by a restraining

torque L. This restraiuing torque may bte produced 4y the weight of the system

%.



and/or 30me unbalanced elastic force: between the man and the rifle, and/or

some resistance produced by the pivot. (For the present time, the details

of these forces, etc., are ignored.)

Ile equation of rotixo o-P tk.ij . .yst. 1,z otained from the suzm of the

toriluabout th-! fixed pivot A. Thuc, with the dot notation indicat•.'

differentiation Vith respect to -Ime:

7torque = 0 F(t)d - L - IQ , or

3= F(t)d - L . (1)

I.he force F(t) is prodiced by the powder pressuire actirg through the gun

mechanism. Since this force lasts approximately one m.illisecond, At, .and

the time T between bhots is .-uch greater (5:0 rs at 2COO spim), we will assume

that the initial motion is irnpulsive.(2) -hen from the conservation of

momentum:

F(t)dt ( +" + -- 0.7Q lb sec (2)

At

where ?= 2.31 x 10"3 lbsP,

W = 2.21x 10O lbsC

S46,oo ft/sec

- 0.295 l-seec
8

The integration of Equation (1) then yields:

16 - d- Lt, 0 - t 4 T

=2d- It, T !'t.T 2(2)

3, 3 d -,Lt, 2T ::L- t 3T •

*Se,"e Appendix I of Peference 3.
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'Me right, side of' th. quat'.on W~.hw~c..~:

time4

* Ltd

W 9T Ii.1--.+ 2(J l) (t ) T' !e t geP
2

,his equation-i ishowni below:

2 '-

T, 3T

VL



For the Iater- invest..at .. on, we wi-. " e ,.,erested in the motion iediat. 31

after each shot is fired. -he va&.ues of I@ and IN are shown in the follow-

ing table:

f'!rst shczt 0 •' ,., d C

second shot -. , ,I -,:o . -

thlr"-. ;:.it -T• U.! -: x-. -a - ..

To eszauiish th.: ph :.a !" e ' rded_, ve will assune that the

ar•TIar defle,:tIcn V can le cIttaned vIth suffczient a:c-:.racy tror, the target

pattern of' a three-rý-,.And burs.'. -hus the defleztion r. 6L the target is"

2~

a- (5)

Solving Eqýiatlonu (") and (5) simitaneousl¢v:

d

The tvo rrntbers, L/I and d/T, t.-;s providtc a model which I.s in ac c oŽr with

the observed target pattern. The model can then be used to estizate the,

effects of changes of ý. and T on a&c'uraey.

It is erphasiZed here that the tvo nurlberv, L/I and 4/1, do not neceB-

sarily have aun imortant physical significance. They are enpirical and nre-

be different for dirferert m~n-vwapon systena.

" !
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It-ishould be noted thbt the angular velocity 0adds a vertical component 1
uto the velocity of' the projectile given by:*

U PO where A=horizontal displacement from A to muzzle.

Mhe corresponding deflection or-, the target is:

'10
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(coNiETmmAL) RESULTS OF TA-E1yT FIRINS

Previous firings of service weapons provided a good basis for establish-

ing the model. However, it was felt that it was not feasible to evaluate

the physical parameters from those firings and then to extrapolate the

results to provide data for the APME. In those firings the dispersion,

impulse, and weapon weight were considerably greater and the rate of fire

considerably smaller than that anticipated for the APIHW. It was therefore

decidrtd'to fire a series of tests with the Aircraft Armaments' weapon which

is closer to the expected AP}IUW than the service weapons. The Weapon Systems

laboratory coordinated the tests, EEL provided the riflemen and recorded the

data, D&PS provided the facilities, and Aircraft Armaments furnished the

weapon.

To obtain representative data for a single condition, nine riflemen

fired bursts of three' rounds each. The target pattern for each three-round

burst thus provide two vertical deflections* (from the first shot) which were

used to evaluate the two parameters 'or the model. The results are shown in

,Table I. The standard deviations of d/I indicate that there is' little signi-

ifcant difference from rifleman to rifleman. Thus, it is reasonable to use

the mean value of d/I to characterize the group. This mean value is not

ver�yprecise, as indicated by its standard deviation. The same general

remarks apply to the parameter L/I. It appears that there is no correlation

between, these results from automatic fire and the rifleman's rating with the
I'bn Rifle which ts based on his ability to fire single shots accurately.**

One way to improve the accuracy is to fire at a very high cyclic rate

so that the weapon hbs little time to move between shots. To provide an

estimate of the rate necessary to accomplish this, a curve of Q versus rate

*The horizontal defle6tions generally were small and relatively inconsistent
so that' they are not of primar-j interest at this time.

**Aiming error has been "stripped out" of the automatic fire' data by using the
target impact of the first round as the origin of the coordinate system.

03 .,
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TABLE I '-1

C=U-JTZD VALUES FOR L/u and a/I BASED ON
Vx'MTICAL DISPiRSION ON TMf TARGET

Rating
of

Rifleman
on No. of L aL d d

V1 Rifle Rlf.eripn M 1rht Weight B s-

. -2 -1 -2 1 -2
lbs sec sec lb" sec lb' sec'

A 6'1" 180 10 14.8 8.2 0.574 0.202

B 5'9" 16o 10 27.8 13.1 0.933 o.2y6
Exp~ert

c 6'o" 210 5 19.1 11.o. 0.674. 0.251

D 6'4" 215 5 3.5 25.2 0.312 0.597

fE 519" 155 5 15.0 10.5 0.563 0.266

F 5'11" 200 5 19.0 6.7 0.705 0.209Shooter

C 5'10" 165 5 17.0 10.7 o.636 0.239

H 6'o0" 190 5 6.9 9.0 o.297 0.25)4
ýkrksran

1 5 T14 150 5 16.2 10.1 0.662 0.257

Mean 5 '11" 179 16.T 11.2 0.624 0.280

T.3* 0.,20*-

*Calculated from previous column. "

W m weight of weapon - T.7O lbs.

I = moment of inertia of weapon about the CG 0.106 lb ft aec2•

0.78 I ssec (see p. 7 1



vwas calculated from Equation (5) using the mean values of 4/1 and L/I obtained

from the firing data. The results are shown belov.

vs Shots Per Minute

14-

10.

00

should be about 10,000 shot* per minute.

IJ



(COIWFIn~TTAL) I=rioi&, OF' W.IR0VOG THE ACCURACY

Experience and previous investigations have shown that the drop of the

stock plays an important part in the climb of the target pattern of a rifle.

Since a straight stock reduces the climb, we will mike a few rough calcula-

tionis to indicate "how straight" a stock mast be to meet the desired accuracy

of the APMH.

Assume, for simplicity, that the rifle in pinned at the mn's ~ shoulder

which is rigid,, as in Reference 3. A diagram of a probable weapon is shown

below.

1 1. 56 ft

W 4.70 lbs

1 .0.106lb ft see
CG

* 2
I I + s 0.436 lbft see

T a0.030 sec (200 spun)

=0.7T853 lb see,.

F~or inpulsive lodig Equationi (5) applies so that:

To further simplifythe problem, it will be assumed that the man exerts no

restraining torlue, (L -0) during the burst. Then:

d9



The graph below shows the calculated values of Q vs d for various rates

of fire.

15--

1200

0--

dt' inches

If we say that 0 must be about four mile, then d should be about 0Y.28 Inch
3

for a weapon firing 2000 spin. It is important to rememrber that d must be

small fcr the straight stock weapon because the cyclic rate of cor~ventional

gun mechanisms appears to be limited to about 300C opm. The variation of d

from man to man may be relatively large and thuse be detrimental to the accuracy.

The "soft" recoil system* also has been proposed to Imiprove the accuracy.
By the methods used'to derive Equation,(5).anid those of R~eference 3P it. can

be shown that for a rifle with a perfect soft recoil system:

0, .d L) 2T , F average recoil force

or

0 2T(j.2~-. T).

A comparison of the aboive equation with Equation (5) shows that d: for' a

weapon with a soft recoil system is. three halvots of that for the ordinary
weapon -a rather small difference.

I See Appen" III of Reference

VO N ]At~
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The term (Pdi L) represents a constant uxnbalance torque acting on the

rifle during the burst of three rounds. To show the importance of this

torque on Q , the relation is shown below for various rates of fire from a

pivoted rifle vith the same moment of inertia as the Aircraft Arntements'

rifle.

15

10

0 41

unbalance torque (Fd -L), ft-lbs

Observe that for emilldiapers ions the desired. average unbelance torque must

be very small.

It has also been proposed tor mo~ve the man from the system because it

appears that the man cannot control or adequately keep the rifle on the
target. From.a theoretical point of view, some mechanical device might be
used to provide this decoupling. However,, the device imust be rather precise

And. insensitive to the different weights and sizes of different riflemen.ý

jIn any case, the decoupling must be such that the average torque associated

vith either inert ial,, reaction, or friction forces must be loes 'than that

shown in the above graph.

These comments do not imply that mechanical devices Vill not improve

the accuracy of the APIMi. It is hoped that the comiments will provide

better insight of the nature and. the magnitude of this particular problem.

7



(uwCLASSmEDRD ~ fCOMMEI=~IONS

In viev of the present situation and the stringent limitation on the

dispersion (0 ) of the .APHffW, it is recormiended that:

a. ?4iltipl(. projectiles and multiple-barrel weapons be given consideration.

b. Any mechanical device for improving the accuracy should. be evaluated

and-should show promise'before an extensive test program is initiated.j

c. Target firings of weapons like the expected APHifW be carried out

at =mch higher rates to check the model over a wider range.

H. 1.GAY

S. S. I

W. M.17E



(UNCLASSIFED') REMWNREES

1. Ca~rn, Robert E. Dispersions for Effective Automatic Small Arms Fire
and A Comparison of the M-14 Rifle with A Weapon Yielding Effective
Automatic Fire. Aberdeen Proving Ground: BRL TN-13T2, Jan 1961
(secret report).

2. Gay, H. P. On Calculating the Motion of Recoil Systems for Automatic
Weap ons by the Phase Plane Method. Aberdeen Proving Ground: BRL R-874,
June 1953.

3. Gay, H. P. Notes on Techniques and Apparatus for 'Investigating the
Effents of Recoil and the Stability of Mounts for Small Arms Weapons.
Aberdeen Proving Ground: BRL MR-955, Dec 1955.
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